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Abstract Nucleotide sequences of the D-loop region of
human mitochondrial DNA from four Yunnan nationali-
ties, Dai, Wa, Lahu, and Tibetan, were analyzed. Based on
a comparison of 563-bp sequences in 99 people, 66 different
sequence types were observed. Of these, 64 were unique to
their respective populations, whereas only 2 types were
shared between the Lahu and Wa nationalities. The D-loop
sequence variation and phylogenetic analysis suggested that
the 99 mtDNA lineages were classified into eight clusters in
the phylogenetic tree. All lineages that had a 9-bp deletion
in the COII/tRNALys intergenic region appeared in one
cluster in the D-loop tree, suggesting a single event of the
deletion in the Yunnan nationalities studied. Genetic dis-
tances, based on net nucleotide diversities between popula-
tions including Han Chinese and mainland Japanese,
revealed that the Dai, Wa, Lahu, and Han Chinese are
closely related to each other, while Tibetan and mainland
Japanese formed a single cluster. The bootstrap probabil-
ity of separation between the Dai-Wa-Lahu-Chinese clade
and the Tibetan-Japanese clade was 99%, indicating that
there are at least two different origins among minority
groups in Yunnan province. Although the genetic distance
between Tibetan and Japanese within the clade is rather
long, the results may shed light on the origins of mainland
Japanese.

Key words Mitochondrial DNA · D-loop region · Sequence
polymorphism · Intergenic COII/tRNALys 9-base pair dele-
tion · Yunnan nationalities · Nucleotide diversity · Phyloge-
netic tree

Introduction

Situated in southwest China, Yunnan is a multinational bor-
der province and is regarded as a hotspot for the study of
the origin of Asian populations. In addition to the Han
Chinese, there are 25 other ethnic groups living in the prov-
ince, the smallest of which has a population of more than
4000. The population of these 25 ethnic minorities accounts
for more than one-third of the total of 40 million minority
people who live in the whole province. The various minority
nationalities, consisting of 13 million people, are spread
throughout the province, living peacefully in harmony and
working together with the Han to promote common pros-
perity. On the basis of their historical records, there is some
agreement that those populations speaking Sino-Tibetan
are descendents of the Di-Qiang, those speaking Daic are
descendants of the Baiyue, and the Austro-Asiatic speaking
peoples are descendants of the Mon-Khmer. At present,
Austro-Asiatic-speaking people live in southern Yunnan;
Daic-speaking people live in southern, southeastern, and
southwestern Yunnan; and most of the descendants of the
Di-Qiang inhabit the central, northern, and western region
of Yunnan province (You 1994). While it is true that
some geographic barriers maintain genetic differences
among such ethnic groups and provide valuable conditions
in which to study their genetic relationship, genetic
evidence has become necessary to verify such historical
claims. Thus, the understanding of the origins and genetic
relationship between each of these populations may shed
light on the peopling of China, as well as that of other parts
of Asia.

By virtue of its rapid rate of evolution and maternal
mode of inheritance, mitochondrial DNA (mtDNA) has
been widely used to study the genetic relationship among
closely related populations (Horai et al. 1993; Horai et al.
1996). In recent mtDNA analyses, it has become common
to directly sequence the major noncoding (D-loop) region
of mtDNA that has apparently evolved several times faster
than other parts (Vigilant et al. 1989; Horai and Hayasaka
1990; Horai et al. 1993; Horai et al. 1996). Sequence analysis
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of this region therefore offers high resolution that discrimi-
nates among even very closely related individuals.

To investigate the genetic relationship and origins of
Yunnan populations and to verify the historical records, we
examined the mtDNA sequence variation in the D-loop
region and intergenic COII/tRNALys 9-bp deletion in four
Yunnan minority nationalities: Dai, Wa, Lahu, and Tibetan.
It is believed, from their history, that the Tibetan and Lahu
originate from the Di-Qiang tribe and that the Dai and Wa
originate from the Baiyue and Mon-Khmer tribes, respec-
tively. The results of the present study were analyzed to-
gether with the findings for large populations from China
and Japan.

Subjects and methods

Subjects

Blood samples were obtained from 99 healthy individuals of
four native Yunnan ethnic groups in China. Twenty-one
Dai samples were collected from Xishuangbanna Prefec-
ture, located in southwestern Yunnan; 22 Wa and 32 Lahu
samples were collected from Simao Prefecture, in the south-
western part of this province; and 24 Tibetan samples were
collected from Diqing Prefecture, which borders on Tibet.
Genomic DNA was extracted either directly from lympho-
cytes or immortalized cell lines transformed by Epstein-
Barr (EB) virus in our laboratory, by treatment with
sodium dodecyl sulfate (SDS), proteinase K, and subse-
quent phenol/chloroform extraction. All the individuals
gave their informed consent prior to their inclusion in this
study.

Direct sequencing of polymerase chain reaction (PCR)
products from the D-loop region of mtDNA

A fragment of mtDNA was amplified by the PCR method
described by Saiki et al. (1988). A set of two primers (A and
E primers; see below) was designed to amplify a DNA
fragment from the D-loop region of mtDNA (Horai et al.
1996). PCR was carried out under the following thermal
cycle conditions: incubation at 94°C for 15s, 45°C for 15s,
72°C for 30s, for a total of 30 cycles. The amplified frag-
ments were subjected to direct DNA sequencing, using the
ABI PRISM Dye Terminator Cycle Sequencing FS Kit and
ABI PRISM 377 DNA sequencer (Applied Biosystems,
Foster City, CA, USA). The following oligonucleotide
primers were designed for amplification and sequencing:

A: 15897-59-GTATAAACTAATACACCAGTCTTGT-
39-15921;

B: 15985-59-AGCACCCAAAGCTAAGATTC-39-16004;
C: 16204-59-AGCAAGTACAGCAATCAACC-39-16223;
D: 16413-59-GCGAGGAGAGTAGCACTCTT-39-16432;
E: 100-59-CAGCGTCTCGCAATGCTATCGCGTG-39-

76.

The notation of Anderson et al. (1981) was used for the
numbering of bases.

Detection of the COII/tRNALys intergenic deletion

A set of oligonucleotide primers was designed, as follows, to
amplify the COII/tRNALys intergenic region of mtDNA:
8211-59-TCGTCCTAGAATTAATTCCC-39-8230 and
8310-59-AGTTAGCTTTACAGTGGGCT-39-8291. This
set of primers amplifies 100-bp and 91-bp fragments of
mtDNA with two and one copies of the 9-bp tandem repeat
(CCCCCTCTA), respectively. The amplified fragments
were separated by electrophoresis on 4% NuSieve agarose
(FMC BioProducts, Rockland, ME, USA) gels and detected
fluorographically after staining with ethidium bromide.

Data analyses

The number of nucleotide substitutions per site between
individual sequences was estimated using the two-
parameter model of nucleotide substitutions (Kimura
1980). On the basis of the estimated number of nucleotide
substitutions, phylogenetic trees were constructed, using
the neighbor-joining (NJ) method (Saitou and Nei 1987).

Results

Sequence differences and identities in
Yunnan nationalities

We determined the nucleotide sequence of a 563-bp frag-
ment of the D-loop region (positions 16048–16569, followed
by positions 1–41 in the reference sequence of Anderson et
al. 1981) for 99 people from the four Yunnan nationalities.
There were 66 distinct types of sequences defined by 103
polymorphic sites (Fig. 1). Of these, 64 were unique to their
respective populations, whereas only 2 (types 25 and 29)
were shared, by five Lahu individuals and one Wa indi-
vidual. Among the 64 unique types, 13 types (20%) were
shared by more than two individuals within each popula-
tion, whereas the remaining 51 types (80%) were observed
in a single individual. The number of shared sequence types
and the number of unique types observed in the four
Yunnan populations are shown in Table 1.

All the sequence types observed in the Dai and Tibetan
people were completely unique (100%), suggesting that
these two ethnic groups are still maintaining their own
ethnicity, with a lesser degree of genetic influence from
other ethnic groups. By contrast, the Lahu and Wa have
experienced some extent of gene flow between the two
populations.

Phylogeny of mtDNA sequences

The 563-bp sequences from the total of 99 individuals from
Yunnan were aligned and compared, and the number of
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nucleotide substitutions between each pair of sequences
was estimated. Nucleotide diversity among the 99 individu-
als was estimated to be 1.48%, which is slightly higher than
the corresponding value estimated for East Asian popula-
tions (1.34%; Horai et al. 1996). Using the estimated
number of nucleotide substitutions between individual
sequences, we constructed a phylogenetic tree, using the
neighbor-joining (NJ) method (Saitou and Nei 1987), as
shown in Fig. 2. On the basis of branching patterns in the
tree, sequences were classified into eight monophyletic clus-
ters, which are shown in Fig. 2 by brackets with cluster
numbers (C1–C8). To ensure the robustness of these clus-
ters, we examined shared polymorphic sites which appeared
in more than 40% of lineages within each cluster, as shown
in Table 2. The majority of members in each cluster exhib-
ited a specific combination of two or three polymorphic
sites, with the exception of members of C8, who do not have
any specific polymorphic sites. Most members of clusters
C2, and C5 through C8, shared a C-to-T transition at 16223
(nucleotide position in the reference sequence of Anderson
et al. 1981), while this polymorphism was virtually absent in
clusters C1, C3, and C4. A T-to-C transition at 16519 was
the overwhelming polymorphism in the entire population,
and this polymorphism occurred in seven clusters, except
for C5. A G-to-A transition at 16129 occurred in the major-
ity of lineages from C4 (83%) and C7 (56%), whereas these
two clusters appeared at discrete positions in the phyloge-
netic tree. Thus, the above three polymorphisms are due to
either recurrent mutations or ancient polymorphisms. A T-
to-C transition at 16362 was predominant in C8 (89%),
whereas this polymorphism was virtually absent in other

clusters, except for C7 (28%). Although this polymorphism
appeared to have occurred in parallel during mitochondrial
lineage divergence, it is informative for late-diverging lin-
eages (C7 and C8) in the phylogenetic tree. On the other
hand, in some clusters, most of the members exhibited a
specific polymorphism that was virtually absent in other
clusters. For example, a T-to-C transition at 16298 was ob-
served in all the members (100%) of C5, which was unique
to this cluster and was completely absent in other clusters.
Moreover, in C3 and C4, all lineages exhibited a T-to-C
transition at 16304, which is specific to these two clusters.
Unique polymorphisms were also seen in four other clus-
ters, as shown in Table 2. Therefore, it is likely that most of
the clusters could reflect their ancestral states of lineage
divergence. However, it is apparent that lineages from the
four populations studied were intermingled in the phyloge-
netic tree, although individuals from single populations
dominated in some of the clusters.

To evaluate the features of the cluster patterns further,
the composition of the eight clusters and the ethnic origins
of the 99 Yunnan lineages were summarized, as shown in
Table 3. Although the numbers of individuals sampled from
the four populations were not the same, we assigned “speci-
ficity” for each cluster based on the population from which
the maximum percentage of individuals was derived. Al-
though this assignment of specificity seems to be somewhat
arbitrary, the rule for assignment is a simple “majority-
rules” voting procedure. Furthermore, it may be useful
for understanding the relationships of mtDNA sequences
among very closely related human populations, such as
Yunnan ethnic groups, because ancient migrations between

Table 1. Unique and common sequence types observed in four Yunnan populations

No. of No. of sequence No. of unique types No. of common types shared
Population individuals types (% of individuals)a between two populations

Dai 21 21 21 (100%) 0
Lahu 32 13 11 (68.8%) 2 (t25, t29)b

Tibetan 24 18 18 (100%) 0
Wa 22 16 14 (90.9%) 2 (t25, t29)
Total 99 66 64 (87.9%) —

a Percentages of individuals who possess unique types in each population
b Shared types, in parenthesis, are indicated by “t” followed by the type number

Table 2. Shared polymorphic sites in the clusters

No. of
Cluster lineages Shared polymorphic sites within a clustera

C1 13 9-bp deletion (100%) 16189:T/C(100%) 16217:T/C (92%) 16261:C/T (54%) 16519:T/C (100%)
C2 5 16145:G/A (100%) 16148:C/T (80%) 16188:C/T (80%) 16189:T/C (100%) 16223:C/T (80%) 16381:T/C (80%)
C3 7 16192:C/T (43%) 16304:T/C (100%) 16309:A/G (57%) 16390:G/A (86%) 16519:T/C (71%)
C4 23 16129:G/A (83%) 16172:T/C (91%) 16304:T/C (100%) 16519:T/C (100%)
C5 7 16185:C/T (71%) 16223:C/T (100%) 16260:C/T (86%) 16298:T/C (100%)
C6 8 16182:A/G (50%) 16193:C/T (50%) 16223:C/T (100%) 16519:T/C (100%)
C7 18 16129:G/A (56%) 16223:C/T (100%) 16290:C/T (61%) 16319:G/A (50%) 16519:T/C (61%)
C8 18 16223:C/T (100%) 16362:T/C (89%)

Numbers in parenthese represent the percentages of lineages (more than 40%) that exhibited the polymorphism. Polymorphic sites, shown in
boldface, are specific to each cluster
a Each polymorphic site corresponds to the site and replacement in the reference sequence reported by Anderson et al. (1981)
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Fig. 2. Phylogenetic tree showing the 99 Yunnan mtDNA lineages
from four populations. The phylogenetic tree was constructed, based
on the pairwise number of nucleotide substitutions in the 563-bp D-
loop region, by the neighbor-joining (NJ) method (Saitou and Nei
1987). The eight distinct clusters in the tree are indicated by brackets,
with cluster numbers C1-C8. The names of the populations (Dai, Lahu,

Wa, and Tibetan) are indicated by the abbreviations at the tip of each
branch: the three digits following the population names are the indi-
vidual numbers of the sample. All the individuals with the 9-bp dele-
tion are shown after the branching points indicated by the arrow. The
number of nucleotide substitutions per site is indicated on the scale
below the tree
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populations are assumed. For example, in C1, Lahu were
dominant (62%), with four members from the Dai and one
from the Wa. Lahu was also dominant in C3 (57%) and C4
(48%). We therefore assigned these clusters as being spe-
cific to the Lahu and named them Lahu-1, Lahu-2, and
Lahu-3 (Table 3). In this way, we were able to assign speci-
ficity for seven clusters, except for C7. Because C7 had one-
third of its members from the Lahu and one-third from the
Tibetan populations, we were unable to assign the specific-
ity of this cluster. It is interesting to note that individuals
from the Dai were not dominant in any clusters, although
this population may have influenced gene flow toward the
other three ethnic groups. On the other hand, Tibetans
dominated in two clusters, C2 (80%) and C5 (86%), al-
though these two clusters contained five and seven individu-
als, respectively. This suggests that some lineages from the
Tibetan population exhibited unique phylogenetic positions
among the four present ethnic groups.

COII/tRNALys intergenic 9-bp deletion

The presence of a 9-bp deletion in the COII/tRNALys

intergenic region of mtDNA is one of the characteristics not
only of Asians (Horai and Matsunaga 1986; Horai 1987;
Stoneking and Wilson 1989; Horai 1991a, 1991b; Ballinger
et al. 1992; Harihara et al. 1992; Passarino et al. 1993; Horai
et al. 1996) but also of populations of Asian origin, includ-
ing Polynesians (Hertzberg et al. 1989; Hagelberg and Clegg
1993; Lum et al. 1994; Redd et al. 1995) and Native Ameri-
cans (Schurr et al. 1990; Ward et al. 1991; Shields et al. 1992,
1993; Torroni et al. 1992; Horai et al. 1993). However, some
studies have suggested multiple origins for the deletion in
Asia (Schurr et al. 1990; Ballinger et al. 1992; Barrientos et
al. 1995; Redd et al. 1995). We screened the present Yunnan
people from four localities for the 9-bp deletion. For each
population, the frequency of the deletion was 25% for the
Lahu, 19% for the Dai, and 5% for the Wa; however, in
Tibetans, the 9-bp deletion was completely absent, indicat-
ing again the unique genetic feature of this ethnic group.
The frequency of the 9-bp deletion was 12% in the entire
sample and all of the individuals with this deletion appeared
in C1 of the phylogenetic tree (Fig. 2), indicating a single
origin of the deletion among the four Yunnan nationalities.

Variation in the hypervariable domain of the
D-loop region

In the D-loop region, there is a hypervariable domain that
encompasses from bp 16180 to bp 16193. Because of length
differences between individuals, we excluded two sites (bp
16182, 16183) and the elongated C stretch from the present
phylogenetic analysis. However, this domain is informative
for making phylogenetic inferences between populations.
There were 25 sequence types in the 14-bp hypervariable
domain in eight populations (including the four populations
reported by Horai et al. 1993; see Table 4); types 1–19 had
been reported before, types 20–25 were new types found in
the four Yunnan populations. As in the four populations
reported previously, type 1 was the most frequent sequence
type in the four Yunnan populations, with frequencies of
54%–69%; about 59% of all the individuals in the eight
populations exhibited the sequence that contains four As,
five Cs, one T, and four Cs in this order. Twelve variant
sequences were due to base substitutions in the C stretch
(types 2–10 and three new types, 20–22). In other variant
sequences, differences resulted from elongation of the C
stretch and shortening of the A stretch (types 11–19 and
three new types, 23–25). These distinct sequence patterns in
the hypervariable region indicate that once the T at bp
16189 is substituted by C, the number of As and Cs becomes
flexible, probably as a result of errors in replication (Horai
et al. 1993). Furthermore, all mtDNA lineages which had a
9-bp deletion in the COII/tRNALys intergenic region pos-
sessed the T-to-C transition and resulting flexible numbers
of As and Cs (Fig. 1). In the present study, types 5–9, 11, 12,
15, and 16 were not found in the four Yunnan populations.
It is also noted that a T-to-C transition at 16249, which was
found only in a Native American (Horai et al. 1993), was
exhibited in a Wa individual (type 5 in Fig. 1).

Nucleotide diversity and phylogeny in
Yunnan populations

Nucleotide diversity is one of the important measures of
infering the demographic process in a population. Using
intrapopulational nucleotide diversity (dx or dy), and
interpopulational nucleotide diversity (dxy), we can also
estimate net nucleotide diversity (dA) between each pair of
populations, and dA can be used to infer relatedness among
populations (Nei and Miller 1990; Horai et al. 1996). In this
study, we estimated nucleotide diversity values for the four
Yunnan populations, together with those of two large Han
Chinese and mainland Japanese populations (Horai et al.
1996), as shown in Table 5. The intrapopulational nucle-
otide diversity values (dx or dy) ranged from 1.346% to
1.689%. However, the net nucleotide diversity (dA) values
between the Tibetan and the other Yunnan groups were
high (ranging from 0.137% to 0.350%), indicating that the
Tibetan population has a unique genetic position among
Yunnan populations. Of note is that the lowest dA value was
observed between the Tibetan and Japanese populations
(0.09%) in comparisons of Tibetan and other populations.

Table 3. Distribution of the four ethnic groups in each monophyletic
cluster of the phylogenetic tree

Cluster Specificity Dai Lahu Tibetan Wa Total

C1 Lahu-1 30.8 61.5 0 7.7 13
C2 Tibetan-1 0 0 80.0 20.0 5
C3 Lahu-2 14.3 57.1 14.3 14.3 7
C4 Lahu-3 21.7 47.8 4.3 26.1 23
C5 Tibetan-2 14.3 0 85.7 0 7
C6 Wa-1 12.5 0 12.5 75.0 8
C7 Unassigned-1 27.8 33.3 33.3 5.6 18
C8 Wa-2 22.2 16.7 27.8 33.3 18

Percent values for individuals in each cluster are given. The maximum
value in the cluster is shown in boldface
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Low dA values were observed between Dai and Han Chi-
nese (0.00%), between Dai and Wa (0.002%), and between
Wa and Han Chinese (0.010%), indicating close genetic
relationships between these three groups of populations
(Dai, Wa, and Han Chinese). By contrast, dA values be-
tween the Lahu and three other populations (Dai, Wa, and
Han Chinese) in China were intermediate (range, 0.033%
to 0.103%), although dA value between Lahu and Japanese
was estimated at 0.205%. On the basis of dA distances, a
phylogenetic tree was constructed, using the NJ method
(Fig. 3). The tree clearly indicated that the six populations
listed in Table 5 were separated into two clades. The first
clade included Han Chinese, Wa, Dai, and Lahu, while the
second clade consisted of Japanese and Tibetan popula-
tions, although the length of the branch between these two
populations was not so short. The separation between the
first and second clades was significantly supported by a high
bootstrap probability (99%). In this tree, the clustering of

three Yunnan nationalities (Wa, Dai, and Lahu) was also
supported by a high bootstrap probability (91%), suggest-
ing that the three groups shared some magnitude of mater-
nal ancestry. Furthermore, the Wa and Dai appeared in
close proximity in the tree, suggesting that the genetic dis-
tance between them was coincident with their geographic
distribution.

Discussion

Restriction enzyme analysis of mtDNA has been a powerful
tool in attempts to quantify evolutionary relationships
among human ethnic groups (Cann et al. 1987; Merriwether
et al. 1991; Torroni et al. 1994a, 1994b, 1994c). Although
restriction enzyme analyses represent polymorphism over
the whole mitochondrial genome, some ambiguities remain
with respect to the actual number of nucleotide differences

Table 4. mtDNA sequence types in a hypervariable domain, and observed numbers in four Yunnan and four other populations

Type Sequence Dai Wa Lahu Tibet Eu Afr As Am Number Frequency

1 AAAA----CCCCCTCCCC 12 14 22 13 15 5 55 36 172 0.589
2 AAAA----CCCCCTCCCT 4 1 1 6 0.021
3 AAAA----CCCCCTCCTC 3 1 1 2 7 0.024
4 AAAA----CTCCCTCCCC 5 2 7 0.024
5 AAAA----CCCTCTCCCC 3 11 14 0.048
6 AAAA----CCCTCCCCCC 2 1 2 5 0.017
7 AAAA----CCCTGCCCCC 1 1 0.003
8 AAAA----TCCTACCCCC 1 1 0.003
9 AAAA----CCTCCCCCCC 1 1 0.003

10 AAAA----CCCCCCCCCC 1 1 7 4 13 0.045
11 AAAA---CCCCCCCCCCC 1 1 1 3 0.010
12 AAA-CCCCCCCCCCCCCC 1 1 0.003
13 AAA--CCCCCCCCCCCCC 1 1 1 3 0.010
14 AAA---CCCCCCCCCCCC 1 1 8 8 18 0.062
15 AAA----CCCCCCCCCCC 2 2 0.007
16 AAA-----CCCCCCCCCC 1 1 0.003
17 AA--CCCCCCCCCCCCCC 1 4 6 11 0.038
18 AA---CCCCCCCCCCCCC 1 5 1 3 10 0.034
19 AA----CCCCCCCCCCCC 1 5 6 0.021
20 AAAA----CTCCCCCCCC 1 1 0.003
21 AAA---CACCCCCCCCCC 1 1 0.003
22 AAAA--CCCCCCCCCCCC 2 2 0.007
23 AA---CCCCCCTCCCCCC 1 1 0.003
24 AAAA----CCCCTCCCCC 4 4 0.014
25 AAAA----CCCCCCTCCC 1 1 0.003
Total 21 22 32 24 20 10 91 72 292 1.000

Eu, Af, As and Am indicate European, African, Asian, and Native American populations, respectively; these data are from Horai et al. (1993)

Table 5. Estimates of interpopulational (dxy), intrapopulational (dx or dy), and net (dA) nucleotide
diversity among six populations

Dai Tibetan Wa Lahu Han Chinese Japanese
Population (n 5 21) (n 5 24) (n 5 22) (n 5 32) (n 5 66) (n 5 62)

Dai 1.689 1.767 1.616 1.576 1.672 1.545
Tibetan 0.137 1.571 1.720 1.832 1.759 1.548
Wa 0.002 0.166 1.537 1.523 1.616 1.497
Lahu 0.033 0.350 0.057 1.395 1.638 1.575
Han Chinese 0 0.136 0.010 0.103 1.676 1.534
Japanese 0.027 0.090 0.055 0.205 0.022 1.346

All values are multiplied by 100. The figures on the diagonal (shown in boldface) refer to (dx or dy), and those
above the diagonal refer to dxy; the figures below the diagonal represent the value, dA 5 dxy 2 [(dx 1 dy)/2]
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and with respect to the estimation of genetic distances
(Kocher et al. 1989; Horai and Hayasaka 1990). However,
sequence analysis of the mtDNA D-loop region directly
offers reliable results and has been used in evolutionary
studies (Vigilant et al. 1989, 1991; Soodyall et al. 1996;
Horai et al. 1996; Bonatto and Salzano 1997; Starikovskaya
et al. 1997).

In the present study, we analyzed the 563-bp sequence in
the mtDNA D-loop region and the deletion in the COII/
tRNALys intergenic region in 99 individuals of four Yunnan
nationalities, Dai, Wa, Lahu, and Tibetan, to determine the
origins of these populations and their genetic relationships
with each other. Based on a comparison of 563-bp se-
quences in the 99 people, there were 66 different sequence
types, defined by 103 polymorphic sites. Of these 66 se-
quence types, 64 were unique to their respective popula-
tions, whereas only 2 types were shared, between the Lahu
and Wa nationalities. All the sequence types observed in
the Dai and Tibetan populations were completely unique,
suggesting that these ethnic groups are still maintaining
their own ethnicity with a lesser degree of genetic influence
from other ethnic groups.

As one of the characteristics of Asians, Native Ameri-
cans, and some Pacific island populations (Hertzberg et al.
1989; Stoneking et al. 1990; Ballinger et al. 1992), the 9-bp
deletion in the COII/tRNALys intergenic region was also
detected in this study. For each population, the frequency of
the deletion was 25% for the Lahu, 19% for the Dai, and
5% for the Wa; however, in Tibetans, the 9-bp deletion was
completely absent, indicating the unique genetic feature of
this ethnic group. Some studies have suggested multiple
origins for the deletion in Asia (Schurr et al. 1990; Ballinger
et al. 1992; Redd et al. 1995), although the deletion may
have occurred only once during the evolution of modern
types of human mtDNA (Wrischnik et al. 1987). Also, a
comparison of the D-loop region sequence data from Asian
and sub-Saharan African populations with the deletion in-

dicated that the 9-bp deletion arose independently in sub-
Saharan Africa and Asia, and that the deletion has arisen
more than once in Africa (Soodyall et al. 1996). The D-loop
sequence variation and phylogenetic analysis in the current
study suggested that the 99 mtDNA lineages were classified
into eight clusters in the phylogenetic tree. All lineages that
had the 9-bp deletion in the COII/tRNALys intergenic re-
gion appeared in one cluster in the D-loop tree, suggesting
a single event of the deletion in the Yunnan nationalities
studied. Furthermore, we compared the hypervariable do-
main sequences of the D-loop region from deletion-positive
individuals in the four ethnic groups in this study with those
in European, Asian, Native American, and African popula-
tions (Horai et al. 1993; Soodyall et al. 1996), indicating the
certain Asian origin of the deletion observed in the four
Yunnan populations.

In the historical record, the Dai are considered to be a
population that originated from the coastal area of south-
eastern China thousands of years ago. On the other hand,
there were some Mon-Khmer tribes living in Yunnan prov-
ince a long time ago, but most of them emigrated to south-
eastern Asia around 2000 BC. The Wa are classified as one
of a few such populations that settled in Yunnan province
(You 1994). It is believed that the Lahu and Tibetan popu-
lations originated from the Di-Qiang tribe, and these two
populations speak similar languages that belong to the
Tibetan-Burma language subfamily. Without large-scale
migration and hybridization after settlement in a local area,
especially for the Lahu, Wa, and Tibetan populations, these
populations may have lived in isolated areas with great
geographic boundaries for thousands of years. In addition,
matrilineal clanship and a style of paramount maternal
power in the clan have continued for a long time in the
history of the Lahu (Shi 1997). By contrast, the Dai live
scattered over a vast area of the southwest part of Yunnan
province, with a population of more than one million. On
the basis of net nucleotide diversities between populations,
the Dai, Lahu, and Wa converged very closely together,
leaving the Tibetan population in the NJ tree with a high
bootstrap probability. This observation also suggests the
uniqueness of the Tibetan population among the four ethnic
groups, although it does not entirely support the historical
records or linguistic evidence. Furthermore, coordinated
research on the genetic relationships in 28 Chinese ethnic
groups, carried out by the genotyping of microsatellite poly-
morphic loci, revealed that Chinese populations diverged
into northern and southern groups (Chu et al. 1998). The
Lahu were clearly shown to be in the southern cluster with
the Dai and Aini and others in the phylogenetic tree. Also,
the Tibetan population was shown to be in the northern
cluster in that tree (Chu et al. 1998). Although historical
studies may not shed light on the true relationship, the
finding of close genetic affinity among the Dai, Wa, and
Lahu indicates that genetic hybridization may have oc-
curred, assuming that the historical records of their origins
are correct. Our recent study of the origins of the Tibetan
population, carried out by genotyping some sets of Y-
chromosome single-nucleotide polymorphic loci, showed
the multiple origins of the Tibetan population; one was

Fig. 3. Phylogenetic tree, constructed by the neighbor-joining (NJ)
method, showing the relationships of six populations, based on net
nucleotide diversity (dA) distances. The number for each interior
branch is the bootstrap probability (Felsenstein 1986). The dA distances
are indicated on the scale below the tree
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from central Asia and another from East Asia (Qian et al.
2000). This result suggested that one interpretation could be
used to explain the great genetic differences between the
Lahu and Tibetan populations.

The present study also shed light on the origins of the
Japanese, because mainland Japanese and Tibetan popula-
tions formed a single cluster, separating from the Wa, Dai,
and Lahu from Yunnan, as well as Han Chinese, with a very
high bootstrap probability (99%). This notion coincided
with the previous observation of Y-chromosome polymor-
phisms (Hammer and Horai 1995; Karafet et al. 1999),
where the frequency of the Alu insertion polymorphism
(YAP1) was very high in Tibetan, as well as in several
Japanese populations.

In this study, we focused on the four Yunnan ethnic
populations to infer genetic relationships among these
people. Further study will be necessary for many of the
remaining Yunnan nationalities to reconstruct a more real-
istic scenario of the peopling of Yunnan province, as well as
that of Asia.
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